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ABSTRACT 

PLSS O2 i s  t h e  l i m i t i n g  consumable f o r  Apollo 1 6  
l u n a r  s u r f a c e  t r a v e r s e  d i s t a n c e  and Eva dura t ion .  Pre-mission 
p lanning  can keep t h e  nominal t r a v e r s e s  w i t h i n  t h e  maximum 
r e t u r n  d i s t a n c e  t o  the  LM f o r  which s u f f i c i e n t  O2 remains t o  
walk back from a f a i l e d  LRV. However, a method of keeping 
t h e  a c t u a l  t r a v e r s e s  w i t h i n  t h i s  c o n s t r a i n t  dur ing  t h e  mission 
i s  r equ i r ed  t o  t ake  i n t o  account  v a r i a t i o n s  between t h e  
planned and a c t u a l  va lues  f o r  metabol ic  r a t e s ,  i n i t i a l  PLSS 
charge ,  and 0, l eak  rates. A series of boundary curves has  
been de r ived  t h a t  can be l a i d  over  t h e  rea l - t ime p l o t  of 0 2  
q u a n t i t y  remaining versus  EVA t i m e  t o  i n d i c a t e  t h e  emergency 
walkback c o n s t r a i n t .  Using t h e  a c t u a l  0 2  usage rat-es and 
p r e d i c t e d  t i m e  of 0 2  d e p l e t i o n ,  t h e  r equ i r ed  depa r tu re  t i m e  
from any s t a t i o n  can be e a s i l y  determined. 
curves  could be used by the  TELMU t e a m  i n  Mission Control  t o  
inform t h e  Experiment O f f i c e r  of t h e  s t a t i o n s  t h a t  a r e  t i m e -  
l i m i t e d  by t h e  0 2  walkback c o n s t r a i n t  w e l l  enough i n  advance 
t o  al low adequate rea l - t ime t r a v e r s e  planning. 

These boundary 
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A n  a n a l y s i s  of the Apollo 1 6  l una r  s u r f a c e  t r a v e r s e s  
shows t h e  PLSS 0, t o  be the l i m i t i n g  consumable on t r a v e r s e  
d i s t a n c e  and EVA dura t ion .  Figures  1-3 show the traverses 
p l o t t e d  w i t h i n  t he i r  c o n s t r a i n t  envelopes f o r  t h e  three l u n a r  
s u r f a c e  EVA'S .  T h e  t r a v e r s e s  and t r a v e r s e  planning assumptions 
are those  presented  a t  the November 15 ,  1 9 7 1  Science Working 
P a n e l  Meeting. A t  both S t a t i o n  8 on EVA 2 and S t a t i o n  1 4  on 
EVA 3 ,  t h e  0, walkback l i m i t  i s  c l o s e l y  approached. Pre-mission 
p lanning  can keep t h e  nominal t r a v e r s e s  w i t h i n  t h i s  0, c o n s t r a i n t ;  
however, such planning does not  guarantee t h a t  the t r a v e r s e s  as 
a c t u a l l y  performed w i l l  r e m a i n  w i th in  the c o n s t r a i n t  boundary. 
I n  fac t ,  t h e  0, boundary w i l l  s h i f t  f o r  the  a c t u a l  t r a v e r s e s  
due t o  v a r i a t i o n s  between the planned and a c t u a l  va lues  f o r  
metabol ic  rates,  i n i t i a l  PLSS charge,  and 0, l e a k  rates. There- 
f o r e ,  the  0, walkback c o n s t r a i n t  as p l o t t e d  i n  F igures  1-3 i s  
of l i t t l e  use i n  r e a l  t i m e .  Some o t h e r  method must be used 
du r ing  the  Apollo 1 6  mission t o  i n s u r e  t h a t  t h i s  c o n s t r a i n t  i s  
n o t  v i o l a t e d ,  and t h i s  method must t a k e  i n t o  account t h e  e f f e c t s  
of v a r i a t i o n s  i n  metabolic ra tes ,  i n i t i a l  PLSS charge, and O2 
leak rates. 

The o:, walkback l i m i t  r e p r e s e n t s  the maximum d i s t a n c e  
the c r e w  can be-from the LM a t  any given t i m e  du r ing  t h e  EVA 
and s t i l l  have enough 0 2  remaining t o  be able t o  walk back t o  
the LM from a f a i l e d  LRV, i n g r e s s ,  and connect t o  the LM 0 2  
supply.  The assumed walkback speed i s  3.6 km/hr over uncor- 
rected map d i s t a n c e  f o r  total r e t u r n  t i m e s  of up t o  1 hour and 
2 . 7  km/hr fo r  longer  r e t u r n s .  T h e  metabolic rates involved i n  
an emergency walkback are assumed t o  be 1560 BTU/hr a t  3.6 km/hr 
and 1290 BTU/hr a t  2 . 7  Whr. T h e  PLSS 0 2  must be s u f f i c i e n t  t o  
cover  the walkback a s  w e l l  as 1 0  min of a c t i v i t y  a t  t h e  LRV t o  
t roub leshoo t  and/or ga the r  equipment toge the r  and 13 min f o r  LM 
i n g r e s s .  The metabol ic  rate as soc ia t ed  wi th  this a d d i t i o n a l  
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23 min of a c t i v i t y  i s  assumed t o  be t h e  same as t h a t  fo r  normal 
working. 0 2  i s  consumed a t  a ra te  of 

.0001627 (Metabolic Rate) + 0 2  Leak Rate 

i n  lb /h r .  Therefore ,  f o r  a t r a v e r s e  s t a t i o n  a r e t u r n  d i s t a n c e  
D from t h e  LM, a minimum q u a n t i t y  

D 23 
R 60 Q = - (.0001627 M + L) + - 62 

of O2 would be r equ i r ed  f o r  an emergency walkback ,  where 

Q = t o t a l  q u a n t i t y  of u sab le  0 2  remaining ( l b )  
D = r e t u r n  d i s t a n c e  t o  t h e  LM (km) 
R = emergency walkback rate (km/hr) 
M = walkback metabolic rate (BTU/hr)  
L = 0 2  leak ra te  ( l b / h r )  
62= a c t u a l  02 usage ra te  f o r  working ( l b / h r ) .  

The  c r e w  must leave  a s t a t i o n  w i t h  a t  l eas t  Q l b  of  u sab le  PLSS 
0 2  remaining t o  p r o t e c t  t h e  emergency walkback requirement .  

The a c t u a l  q u a n t i t y  of  PLSS 0 2  remaining i s  t r acked  
by t h e  TELMU team i n  Mission Control du r ing  each EVA. The d a t a  
are p l o t t e d  on c h a r t s  such as t h a t  of F igure  4. Afte r  about  3 
t o  3.5 h r  of EVA, t h e  0 2  consumption rates a r e  e x t r a p o l a t e d  f o r -  
ward t o  p r e d i c t  t h e  maximum dura t ion  of t h e  EVA as f a r  as 02 
q u a n t i t y  i s  concerned. Using the p r e d i c t e d  t i m e  of u sab le  0 2  
d e p l e t i o n  and the  a c t u a l  quan t i ty  of u sab le  0 2  remaining a t  any 
p o i n t  i n  t h e  EVA, t h e  minimum q u a n t i t y  of O2 r equ i r ed  t o  provide 
f o r  an emergency walkback can be c a l c u l a t e d  as a func t ion  of 
r e t u r n  d i s t a n c e  t o  t h e  LM. 
d e p l e t i o n  of usable  0 2 ,  t hen  02 can be c l o s e l y  approximated by 
Q/t, and w e  have 

It t i s  t h e  t i m e  i n  h r  remaining t o  

Q 23 (-0001627 M + L) + (=) . Q = -  D 
R 

Rearrangement g ives  

Q =  Di3 (.0001627 M + L ) . 
R(t-m) 

P l o t s  of  Q versus  t f o r  cons t an t  D can then be drawn 
u s i n g  

R = 3.6 km/hr, M = 1560 BTU/hr f o r  D 5, 3.6 km, 
R = 2.7 km/hr, M = 1290 BTU/hr f o r  D 3 3.6 km, and 
L = .0275 lb /hr .  



The a c t u a l  va lue  of L f o r  any EVA may d i f f e r  from .0275 l b / h r ,  
b u t  pre-mission p r e d i c t i o n s  range only  from .02  t o  .035 lb /h r .  
Thus, t h e  e r r o r  i n  t h e  c a l c u l a t i o n  of Q u s ing  L = .0275 lb /h r  
i s  expected t o  be < 3%. Figure 5 shows Q ve r sus  t f o r  D ranging 
from 0 t o  7 km. I n t e r p o l a t i o n  between curves of cons t an t  D i s  
l i n e a r  f o r  cons t an t  t. Two curves a r e  p l o t t e d  f o r  D = 3.6 km. 
One curve i s  a s s o c i a t e d  wi th  walkback t i m e s  g r e a t e r  than 1 h r ,  
and t h e  o t h e r  wi th  t i m e s  less  than 1 h r .  Q becomes very l a r g e  
a s  t approaches 23 min i n  order  t o  p r o t e c t  t h e  t i m e  a l l o t t e d  a t  
t h e  LRV and f o r  i n g r e s s .  Q was c a l c u l a t e d  i n  l b  and w a s  converted 
t o  p s i a  using the r a t i o  of  800 p s i a / l b ,  which corresponds t o  a 
PLSS 0, b o t t l e  temperature  of about 85OF. 

For use  dur ing  a mission,  a t ransparency  of Figure 5 
can be l a i d  over a p l o t  l i k e  Figure 4 t o  provide a quick and 
easy  de te rmina t ion  of t h e  depar ture  t i m e  from a s t a t i o n  r equ i r ed  
t o  p re se rve  t h e  emergency valkback capability. The oriqin ef 
Figure  5 should be loca ted  a t  the  p o i n t  a t  which usab le  0, de- 
p l e t i o n  i s  p r e d i c t e d ,  as shown i n  F igure  6 .  A s t a t i o n  a t  a 
r e t u r n  d i s t a n c e  D from the  LM must be depar ted  by t h e  t i m e  t h e  
a c t u a l  0 2  q u a n t i t y  f a l l s  below t h e  boundary i n  t h e  over lay .  
For example, i f  0, consumption on EVA 3 of Apollo 1 6  i s  as it 
w a s  on EVA 1 of Apollo 15,  Figure 6 shows t h a t  S t a t i o n  1 4  
(4.65 km from t h e  L M )  would have t o  be depar ted  about 2 h r  
15 min before  t h e  p red ic t ed  t i m e  of usable  0, dep le t ion .  S ince  
usab le  0 2  d e p l e t i o n  i s  p red ic t ed  a t  6 h r  33 min, S t a t i o n  1 4  
would have t o  be departed a t  4 h r  1 8  mi:i  i n t o  t h e  EVA, o r  
28 min before  t h e  planned t i m e ,  i n  o rde r  t o  p r o t e c t  t h e  PLSS 
walkback c a p a b i l i t y .  

The maximum expected e r r o r  i n  t h e  r equ i r ed  depa r tu re  
t i m e  as determined using the  curves of F igure  5 i s  about ( 2  + 3 t )  
min.  Of t h i s  e r r o r ,  t h e  2 min i s  cue t o  t h e  maximum expected 
e r r o r  in t roduced  by approximating O2 by Q / t  (corresponding t o  
an e r r o r  of 1 0 0  BTU/hr i n  the metabol ic  ra te  f o r  working) ,  and 
t h e  3 t  min i s  due t o  t h e  maximum expected error i n  t h e  assumed 
02 l e a k  r a t e .  The l eak  ra te  e r r o r s  could be l a r g e l y  e l imina ted  
by c o n s t r u c t i n g  several  families of boundary curves corresponding 
t o  a range of l e a k  r a t e s  and using t h e  set t h a t  matches t h e  b e s t  
estimate of t h e  a c t u a l  l eak  r a t e  of the pccing crewman i n  any 
EVA. A somewhat more accu ra t e  va lue  f o r  O 2  could a l s o  poss ib ly  
be determined; however, the e r r o r  a s s o c i a t e d  w i t h  t h i s  value 
would n o t  be much sma l l e r  than t h a t  involved i n  us ing  Q/t. 

Since  s e v e r a l  of t h e  planned s t a t i o n s  on the Apollo 1 6  
t r a v e r s e s  w i l l  l i k e l y  be t i m e  l imi t ed  by t h e  0 2  walkback c o n s t r a i n t ,  
the TELMU team should be a b l e  to inform t h e  Experiments O f f i c e r  
of the l a t e s t  a l lowable depar ture  t i m e  from such s t o p s  w e l l  enough 
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i n  advance t o  allow adequate real-time t r a v e r s e  planning.  The 
proposed c h a r t  should make t h i s  p o s s i b l e  wi th  l i t t l e  d i f f i c u l t y  
and reasonable  accuracy. S i m i l a r  boundary curves could be 
cons t ruc t ed  for  PLSS H 2 0  walkback requirements;  however, H20 
i s  n o t  expected t o  be cons t r a in ing  f o r  a f u l l y  charged PLSS. 

2013-KPK-Jab K. P.  Klaasen 
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